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1

RESIN MULTILAYER SUBSTRATE,
ACTUATOR, AND METHOD OF
MANUFACTURING RESIN MULTILAYER
SUBSTRATE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application No. 2018-061883 filed on Mar. 28, 2018

and 1s a Continuation Application of PCT Application No.
PCT/IP2019/010267 filed on Mar. 13, 2019. The entire
contents of each application are hereby incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a resin multilayer sub-
strate, and more particularly to a resin multilayer substrate
including a stacked body including a plurality of resin layers
and a coil that are stacked 1n the stacked body. Further, the
present mvention also relates to an actuator including the
resin multilayer substrate, and a method of manufacturing,
the resin multilayer substrate.

2. Description of the Related Art

Conventionally, there have been known various resin
multilayer substrates including a stacked body including a
plurality of resin layers that are stacked and a coil including,
a plurality of coil conductor patterns provided on the plu-
rality of resin layers.

For example, WO 2017/104309 A discloses a resin mul-
tilayer substrate including a coil conductor pattern in which
a line width of a portion (outermost peripheral portion) 1s
larger than a line width of the other coil conductor patterns.
According to this configuration, the conductor loss of the
coil can be reduced without increasing the size of the stacked
body. Further, the coil conductor pattern having a large line
width suppresses excessive tlow of a resin at the time of hot
pressing when forming the stacked body, so that positional
deviation (or deformation) of the coil conductor pattern at
the time of hot pressing 1s suppressed.

However, 1f the line widths of the plurality of coil
conductor patterns are different (if there are coil conductor
patterns with different line widths), this causes irregular
resin tlow at the time of hot pressing, with the result that
positional deviation of the other coil conductor patterns may
be caused.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
resin multilayer substrates which are each able to reduce
conductor loss of a coil while reducing or preventing posi-
tional deviation of coil conductor patterns by regulating flow
of resin at a time of hot pressing.

A resin multilayer substrate according to a preferred
embodiment of the present invention includes a stacked
body including a plurality of resin layers that are stacked,
and a coil including a plurality of coil conductor patterns
provided on two or more resin layers of the plurality of resin
layers, in which the plurality of coil conductor patterns
include a coil conductor pattern 1n which a parallel conduc-
tor portion 1n which a plurality of linear conductor patterns
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2

connected 1n parallel are parallel or substantially parallel to
cach other 1s provided 1n at least a portion of an outermost
peripheral portion, and 1n which a total line width of the
plurality of linear conductor patterns of the parallel conduc-
tor portion 1s larger than a line width of other portions of the
coil conductor pattern.

In this configuration, the parallel conductor portion 1s
provided 1n at least a portion of the outermost peripheral
portion of the coil conductor pattern. In addition, the total
line width of the plurality of linear conductor patterns of the
parallel conductor portion 1s larger than the line width of
other portions of the coil conductor pattern in which the
parallel conductor portion 1s provided. According to this
configuration, the parallel conductor portion reduces or
prevents excessive flow of a resin at the time of hot pressing
when forming the stacked body, and reduces the conductor
loss of the coil.

If there are a plurality of coil conductor patterns with
different line widths, the flow of the resin at the time of hot
pressing may become irregular, with the result that posi-
tional deviation (or deformation) of the coil conductor
patterns may be caused. On the other hand, according to this
configuration, since the parallel conductor portion 1s pro-
vided 1n the coil conductor pattern, as compared to the case
where a line width of one coil conductor pattern 1s increased
without providing the parallel conductor portion, the regu-
larity of the flow of the resin at the time of hot pressing 1s
maintained. Therefore, the positional deviation of the coil
conductor patterns at the time of hot pressing is further
reduced or prevented.

In a preferred embodiment of the present invention, the
parallel conductor portion may be provided on the entire or
substantially the entire outermost peripheral portion of the
coil conductor pattern. The outermost peripheral portion of
the coi1l conductor pattern has a relatively larger conductor
length than other portions (for example, the inner peripheral
portion of the coil conductor pattern). Therefore, by provid-
ing the parallel conductor portion on the entire or substan-
tially the entire outermost peripheral portion of the coil
conductor pattern, the conductor loss of the coil 1s able to be
significantly reduced.

In a preferred embodiment of the present invention, the
parallel conductor portion may include a straight portion in
which the plurality of linear conductor patterns are linearly
parallel or substantially parallel to each other, and a con-
necting portion that connects the linear conductor patterns to
cach other near a center of the straight portion.

The long straight portion in which the plurality of linear
conductor patterns are linearly parallel or substantially par-
allel to each other 1s likely to be deformed (or positionally
deviated) due to the flow of a resin at the time of hot
pressing. Therefore, when the straight portion 1s provided,
problems such as characteristic changes of the coil or a short
circuit are likely to occur after the stacked body 1s formed.
On the other hand, according to this configuration, by
connecting the portions near the centers of the straight
portions to each other, it 1s possible to eflectively reduce or
prevent the deformation of the straight portions due to the
flow of the resin at the time of hot pressing. Therefore, 1t 1s
possible to effectively reduce or prevent the occurrence of a
characteristic change of the coil or a short circuit due to the
deformation of the straight portion.

In a preferred embodiment of the present invention, the
coll conductor pattern provided with the parallel conductor
portion may be arranged closest to a surface layer i a
stacking direction of the plurality of resin layers among the
plurality of coil conductor patterns. When a stacked body 1s




US 11,289,965 B2

3

formed by subjecting the plurality of stacked resin layers to
hot pressing, the portion near the surface layer of the stacked
body 1s particularly susceptible to heat of a pressing machine
at the time of hot pressing, and the coil conductor pattern
arranged near the surface layer of the stacked body 1s likely
to be positionally deviated. Therefore, by arranging the coil
conductor pattern having the parallel conductor portion
closest to the surface layer, the positional deviation of the
coil conductor patterns can be eflectively reduced or pre-
vented.

In a preferred embodiment of the present invention, the
stacked body may include a first main surface and a second
main surface that oppose each other 1n a stacking direction
of the plurality of resin layers, and the coil conductor pattern
provided with the parallel conductor portion may be closest
to the first main surface among the plurality of coil conduc-
tor patterns.

In a preferred embodiment of the present immvention, a
plurality of the coil conductor patterns provided with the
parallel conductor portion may be provided. With this con-
figuration, the conductor loss of the coil 1s turther reduced,
and the eflect of reducing or preventing the positional
deviation of the coil conductor patterns 1s further improved.

In a preferred embodiment of the present invention, the
stacked body may include a first main surface and a second
main surface that oppose each other 1n a stacking direction
of the plurality of resin layers, and the plurality of coil
conductor patterns provided with the parallel conductor
portion may be arranged at a position closest to the first main
surface and a position closest to the second main surface,
respectively, among the plurality of coil conductor patterns.
According to this configuration, it 1s possible to effectively
reduce or prevent positional deviation of the two coil
conductor patterns arranged at the positions closer to both
the main surfaces (first main surface and second main
surface) of the stacked body that are susceptible to heat of
the pressing machine at the time of hot pressing.

An actuator according to a preferred embodiment of the
present 1nvention includes a resin multilayer substrate
according to a preferred embodiment of the present inven-
tion; and a magnet, 1n which the coil has a winding axis in
the stacking direction, and in which the magnet 1s arranged
at a position overlapping a formation region of the coil when
viewed 1n a winding axis direction of the coil, and 1s
arranged closer to the second main surface than the first
main surface.

The number of turns per unit area of the coil conductor
pattern including the parallel conductor portion i1s smaller
than that of other coil conductor patterns. Generally, when
the number of turns of the coil conductor pattern is large, the
magnetic flux density generated around the coil conductor
pattern 1s higher. Therefore, by arranging the coil conductor
pattern provided with the parallel conductor portion at a
position farther from the magnet than the other coil conduc-
tor patterns, 1t 1s possible to reduce or prevent the conductor
loss of the coil while reducing or preventing the reduction of
the electromagnetic force due to the interaction between the
magnet and the coil.

A method of manufacturing a resin multilayer substrate
according to a preferred embodiment of the present inven-
tion includes a coil conductor forming step of forming a
plurality of coil conductor patterns on two or more resin
layers; and a stacked body forming step of stacking, after the
coil conductor forming step, a plurality of the resin layers
including the resin layers on which the plurality of coil
conductor patterns are formed, and subjecting the plurality
of stacked resin layers to hot pressing to form a stacked

10

15

20

25

30

35

40

45

50

55

60

65

4

body, 1in which the coil conductor forming step includes a
step of forming a coil conductor pattern in which a parallel
conductor portion in which a plurality of linear conductor
patterns are connected 1n parallel to each other 1n parallel or
substantially 1in parallel, and a total line width of the plurality
of linear conductor patterns larger than a line width of other
portions 1s provided in at least a portion of an outermost
peripheral portion.

According to this manufacturing method, 1t 1s possible to
casily manufacture the resin multilayer substrate which can
reduce the conductor loss of the coil while reducing or
preventing the positional deviation of the coil conductor
patterns by regulating the tlow of the resin at the time of hot
pressing.

According to preferred embodiments of the present inven-
tion, 1t 1s possible to obtain resin multilayer substrates that
cach reduce conductor loss of a coil while reducing or
preventing positional deviation of coil conductor patterns by
regulating the flow of the resin at the time of hot pressing.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 15 a plan view of a resin multilayer substrate 101
according to a first preferred embodiment of the present
invention.

FIG. 1B 1s a sectional view taken along line A-A 1n FIG.
1A.

FIG. 2 1s an exploded plan view of a stacked body 10
included 1n the resin multilayer substrate 101.

FIG. 3 1s an enlarged plan view of a resin layer 11 defining
a portion of the stacked body 10.

FIG. 4A 15 a sectional view showing a main portion of an
actuator 201 according to the first preterred embodiment of
the present invention.

FIG. 4B 1s a plan view showing a main portion of the
actuator 201.

FIG. 5A 1s a plan view of a resin multilayer substrate 102
according to a second preferred embodiment of the present
invention.

FIG. 5B 1s a sectional view taken along line B-B 1n FIG.
S5A.

FIG. 6 1s an exploded plan view of a stacked body 10A
included in the resin multilayer substrate 102.

FIG. 7A 1s a plan view of a resin multilayer substrate 103
according to a third preferred embodiment of the present
invention.

FIG. 7B 1s a sectional view taken along line C-C 1n FIG.
TA.

FIG. 8 1s an exploded plan view of a stacked body 10B
included in the resin multilayer substrate 103.

FIG. 9A 15 a plan view of a resin multilayer substrate 104
according to a fourth preferred embodiment of the present
invention.

FIG. 9B 1s a sectional view taken along line D-D 1n FIG.
OA.

FIG. 10 1s an exploded plan view of a stacked body 10C
included in the resin multilayer substrate 104.

FIG. 11 1s an enlarged plan view of a resin layer 1lc
defining a portion of the stacked body 10C.
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FIG. 12 1s a plan view of a resin layer 11x defining a
portion of a stacked body.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Preferred embodiments of the present invention will be
shown and described with some specific examples with
reference to the drawings. In each figure, the same or similar
clements and portions are designated by the same reference
numerals. Although the preferred embodiments are shown
separately for convenience 1n consideration of the descrip-
tion of main points or the ease of understanding, partial
replacement or combination of elements and configurations
shown 1n the different preferred embodiments 1s possible. In
the second and subsequent preferred embodiments, descrip-
tion of matters common to the first preferred embodiment
will be omitted, and only different points will be described.
In particular, similar actions and advantageous eflects
obtained by the same or similar elements and configurations
will not be sequentially described for each preferred
embodiment.

First Preterred Embodiment

FIG. 1A 15 a plan view of a resin multilayer substrate 101
according to a first preferred embodiment of the present
invention, and FIG. 1B 1s a sectional view taken along line
A-A 1 FIG. 1A. FIG. 2 1s an exploded plan view of a
stacked body 10 included in the resin multilayer substrate
101. FIG. 3 1s an enlarged plan view of a resin layer 11
defining a portion of the stacked body 10. In FIG. 2 and FIG.
3, coil conductor patterns 31, 32, 33, and 34 are shown by
dot patterns in order to make the structure easy to under-
stand. Further, in FIG. 2 and FIG. 3, linear conductor
patterns LP11 and LP12 are shown by hatching.

The resin multilayer substrate 101 includes the stacked
body 10, a coil 3 (described 1n detail later), mput/output
electrodes P1 and P2, and the like.

The stacked body 10 1s a rectangular or substantially
rectangular parallelepiped whose longitudinal direction
coincides with an X-axis direction, and includes a first main
surface VS1 and a second main surface VS2 that oppose
cach other 1n a Z-axis direction. Input/output electrodes P1
and P2 are provided on the second main surface VS2 of the
stacked body 10.

The stacked body 10 includes a plurality of resin layers
11, 12, 13, 14, and 15 made of, for example, a thermoplastic
resin that are stacked in this order. Each of the plurality of
resin layers 11, 12, 13, 14, and 15 1s a rectangular or
substantially rectangular flat plate having flexibility and
including a longitudinal direction that coincides with the
X-axis direction. The plurality of resin layers 11,12, 13, 14,
and 15 are sheets whose main material 1s preferably, for
example, liquid crystal polymer (LCP) or polyether ether
ketone (PEEK).

The coil conductor pattern 31 1s provided on the front
surface of the resin layer 11. The coil conductor pattern 31
1s a spiral conductor pattern arranged near the center of the
resin layer 11. The coil conductor pattern 31 includes a
parallel conductor portion PC1 of about 1 turn over the
entire or substantially the entire outermost peripheral por-
tion. The parallel conductor portion PC1 1s a portion where
the plurality of linear conductor patterns LP11 and LP12
connected 1n parallel are parallel or substantially parallel to
cach other. The plurality of linear conductor patterns LP11
and LP12 are connected to each other in parallel by con-
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necting portions C11, C12, C13, and C14. The co1l conduc-
tor pattern 31 1s a conductor pattern such as, for example, a
Cu foil.

The “outermost peripheral portion™ refers to a portion
located on an outermost side (about 1 turn) of the spiral (or
loop) coil conductor pattern.

The coil conductor pattern 32 and a conductor 41 are
provided on the front surface of the resin layer 12. The coil
conductor pattern 32 1s a spiral conductor pattern arranged
near the center of the resin layer 12, and the conductor 41 1s
a rectangular or substantially rectangular conductor pattern
arranged near a first corner of the resin layer 12 (upper leit
corner of the resin layer 12 1 FIG. 2). The coil conductor
pattern 32 and the conductor 41 are conductor patterns such
as, for example, a Cu foil. Further, interlayer connection
conductors V4 and V5 are provided on the resin layer 12.

The coil conductor pattern 33 and a conductor 42 are
provided on the front surface of the resin layer 13. The coil
conductor pattern 33 1s a spiral conductor pattern arranged
near the center of the resin layer 13, and the conductor 42 1s
a rectangular or substantially rectangular conductor pattern
arranged near a first corner of the resin layer 13 (upper lett
corner of the resin layer 13 1n FIG. 2). The coil conductor
pattern 33 and the conductor 42 are conductor patterns such
as, for example, a Cu foil. Further, interlayer connection
conductors V3 and V6 are provided on the resin layer 13.

The coil conductor pattern 34 and a conductor 43 are
provided on the front surface of the resin layer 14. The coil
conductor pattern 34 1s a spiral conductor pattern arranged
near the center of the resin layer 14, and the conductor 43 1s
a rectangular or substantially rectangular conductor pattern
arranged near a first corner of the resin layer 14 (upper lett
corner of the resin layer 14 1n FIG. 2). The coil conductor
pattern 34 and the conductor 43 are conductor patterns such
as, for example, a Cu foil. Further, interlayer connection
conductors V2 and V7 are provided on the resin layer 14.

On the front surface of the resin layer 135, the rectangular
or substantially rectangular input/output electrodes P1 and
P2 are provided. The mput/output electrode P1 1s a rectan-
gular or substantially rectangular conductor pattern arranged
near a first corner of the resin layer 15 (upper left corner of
the resin layer 15 1n FIG. 2). The input/output electrode P2
1s a rectangular or substantially rectangular conductor pat-
tern arranged near a second corner of the resin layer 135
(lower left corner of the resin layer 15 1 FIG. 2). The
input/output electrodes P1 and P2 are conductor patterns
such as, for example, a Cu foil. In addition, interlayer
connection conductors V1 and V8 are provided on the resin
layer 15.

The mput/output electrode P1 1s connected to a first end
of the coil conductor pattern 31 via the conductors 41, 42,
and 43 and the interlayer connection conductors V1, V2, V3,
and V4. A second end of the coil conductor pattern 31 1s
connected to a first end of the coil conductor pattern 32 via
the interlayer connection conductor V5. A second end of the
coil conductor pattern 32 1s connected to a first end of the
coll conductor pattern 33 via the terlayer connection
conductor V6. A second end of the coil conductor pattern 33
1s connected to a first end of the coi1l conductor pattern 34 via
the interlayer connection conductor V7. A second end of the
coil conductor pattern 34 1s connected to the input/output
clectrode P2 via the interlayer connection conductor V8.

In this way, the coil 3 includes the coil conductor patterns
31, 32, 33, and 34 provided on the two or more resin layers
11, 12, 13, and 14, and the mterlayer connection conductors

VS5, V6, and V7. As shown 1n FIG. 1B, the coil 3 has a
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winding axis AX 1n the Z-axis direction (stacking direction
of the plurality of resin layers 11, 12, 13, 14, and 15).

As shown 1n FIG. 3, the total line width (W11+W12) of
the plurality of linear conductor patterns LP11 and LP12
defining the parallel conductor portion PC1 1s larger than the
line width (W2) of the other portions of the coil conductor
pattern 31 (W11+W12>W2). Further, as shown in FIG. 1B,
the total line width (W11+W12) of the plurality of linear
conductor patterns LP11 and L.P12 1s larger than a line width
(W3) of each of the other coil conductor patterns 32, 33, and
34 (W11+W12>W3).

In the present preferred embodiment, each of the line
widths (W11 and W12) of the plurality of linear conductor
patterns LP11 and P12 defining the parallel conductor
portion PC1 1s the same or substantially the same as the line
width (W2) of the other portions of the coil conductor
pattern 31. A gap (D1) between the plurality of linear
conductor patterns LP11 and LLP12 1s the same or substan-
tially the same as a gap (D2 or D3) between portions of the
coil conductor pattern 31.

In the present preferred embodiment, as shown in FIG.
1B, the coil conductor pattern 31 including the parallel
conductor portion PC1 1s arranged closest to the surface
layer 1n the Z-axis direction among the plurality of coil
conductor patterns 31, 32, 33, and 34. The coil conductor
pattern 31 1s closest to the first main surface VS1 among the
plurality of coil conductor patterns 31, 32, 33, and 34.

The resin multilayer substrate 101 1s used as follows, for
example. FIG. 4A 1s a sectional view showing a main portion
of an actuator 201 according to the first preferred embodi-
ment, and FIG. 4B 1s a plan view showing a main portion of
the actuator 201. In FIG. 4B, a formation region CE of the
coil 3 1s shown by a dot pattern.

The actuator 201 includes the resin multilayer substrate
101 and a magnet 1, and 1s incorporated in an electronic
device (not shown) or the like. The magnet 1 1s attached to
a movable body (not shown). The magnet 1 1s arranged at a
position overlapping the formation region CE of the coil 3
when viewed 1n the Z-axis direction (winding axis direction
of the coil 3). Further, as shown in FIG. 4A, the magnet 1
1s arranged closer to the second main surface VS2 than to the
first main surface VS1 of the stacked body 10. That 1s, the
coil conductor pattern 31 including the parallel conductor
portion 1s most distant from the magnet 1 among the
plurality of coil conductor patterns 31, 32, 33, and 34.

When a predetermined current 1s passed through the coil
3, the magnetic field emitted from the coil 3 causes the
magnet 1 and the movable body to be shifted in a direction
(X-axis direction) orthogonal or substantially orthogonal to
the Z-axis direction (stacking direction of the plurality of
resin layers 11, 12, 13, 14, and 15) (see the white arrows in
FIG. 4A).

The resin multilayer substrate 101 according to the pres-
ent preferred embodiment 1s manufactured, for example, 1n
the following steps. The actual manufacturing process of the
resin multilayer substrate 1s performed i1n the state of a
collective substrate, which 1s finally separated into indi-
vidual pieces (one chip).

First, the plurality of resin layers 11, 12, 13, 14, and 15 in
the state of the collective substrate are prepared. The plu-
rality of resin layers 11, 12, 13, 14, and 135 are sheets whose
main material 1s preferably, for example, liqmd crystal
polymer (LCP) or polyether ether ketone (PEEK).

After that, the coil conductor patterns 31, 32, 33, and 34,
the mput/output electrodes P1 and P2, and the conductors
41, 42, and 43 are formed on the plurality of resin layers 11,
12,13, 14, and 15, respectively. Specifically, a metal foil (for
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example, Cu foil) 1s laminated on one main surface of each
of the resin layers 11, 12, 13, 14, and 15 1n the state of the
collective substrate, and the metal foil 1s patterned by
photolithography. Thus, the coil conductor pattern 31 1s
formed on the resin layer 11, the coil conductor pattern 32
and the conductor 41 are formed on the resin layer 12, the
coill conductor pattern 33 and the conductor 42 are formed
on the resin layer 13, the coil conductor pattern 34 and the
conductor 43 are formed on the resin layer 14, and the
input/output electrodes P1 and P2 are formed on the resin
layer 15.

This step of forming the plurality of coil conductor
patterns 31, 32, 33, and 34 on the two or more resin layers
11, 12, 13, and 14 1s an example of the “coil conductor
forming step”.

The parallel conductor portion PC1 1s provided 1n at least
a portion of the outermost peripheral portion of the coil
conductor pattern 31. The parallel conductor portion PC1 1s
a portion 1n which the plurality of linear conductor patterns
LLP11 and LP12 are connected 1n parallel to each other 1n
parallel or substantially in parallel, and the total line width
of the plurality of linear conductor patterns LP11 and L.P12
1s larger than the line width of the other portion of the coil
conductor pattern 31.

The “coil conductor forming step” includes a step of
forming the coil conductor pattern 31 in which the parallel
conductor portion PC1 1s provided at least at a portion of the
outermost periphery.

In addition, the interlayer connection conductors V1, V2,
V3, V4, V5, V6, V7, and V8 are formed on the plurality of
resin layers 12, 13, 14, 15. The mterlayer connection con-
ductors V1, V2, V3, V4, V5, V6, V7, and V8 are provided
by forming through holes by a laser or the like, for example,
then arranging a conductive paste containing, for example,
one or more of Cu, Sn etc. or an alloy thereof, and curing 1t
by subsequent hot pressing.

Next, the resin layers 11, 12, 13, 14, and 135 are stacked
in this order, and the plurality of stacked resin layers 11, 12,
13, 14, and 15 are subjected to hot pressing (collective press)
to form the stacked body 10 in the state of the collective
substrate.

This step of forming, atter the “coil conductor forming
step”, the stacked body 10 by stacking the plurality of resin
layers 11,12, 13, 14, and 15 including the resin layers 11, 12,
13, and 14 on which the plurality of coil conductor patterns
31, 32, 33, and 34 are formed, and subjecting the plurality
of stacked resin layers 11, 12, 13, 14, and 135 to hot pressing
1s an example of the *“stacked body forming step”.

Finally, the resin multilayer substrate 101 1s obtained by
separating the collective substrate into individual pieces.

The resin multilayer substrate 101 and the actuator 201
according to the present preferred embodiment have the
tollowing advantageous ellects.

In the present preferred embodiment, the parallel conduc-
tor portion PC1 in which the plurality of linear conductor
patterns L.P11 and LLP12 are connected in parallel to each
other in parallel or substantially 1n parallel 1s provided 1n at
least a portion of the outermost peripheral portion of the coil
conductor pattern 31. Further, the total line width (Wall+
W12) of the plurality of linear conductor patterns LP11 and
[LP12 defining the parallel conductor portion PC1 is larger
than the line width (W2) of the other portions of the coil
conductor pattern 31 (W11+W12>W2). According to this
configuration, the parallel conductor portion PC1 reduces or
prevents the excessive flow of the resin at the time of hot
pressing when forming the stacked body 10, and reduces the
conductor loss of the coil 3.
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If there are a plurality of coil conductor patterns with
different line widths, the flow of the resin at the time of hot
pressing may become irregular, with the result that posi-
tional deviation (or deformation) of the coil conductor
patterns with narrow line widths may be caused. On the
other hand, according to the above configuration, since the
parallel conductor portion PC1 1s provided in the coil
conductor pattern 31, as compared to the case where a line
width of one coil conductor pattern 1s increased without
providing the parallel conductor portion, the regularity of
the tlow of the resin at the time of hot pressing 1s maintained.
Therefore, the positional deviation of the coil conductor
patterns at the time of hot pressing i1s further reduced or
prevented.

In the present preferred embodiment, each of the line
widths (W11 and W12) of the plurality of linear conductor
patterns LP11 and LP12 defining the parallel conductor
portion PC1 1s the same or substantially the same as the line
width (W2) of the other portions of the coil conductor
pattern 31. The gap (D1) between the plurality of linear
conductor patterns LP11 and LLP12 1s the same or substan-
tially the same as the gap (D2 or D3) between portions of the
coil conductor pattern 31. According to the above configu-
ration, as compared to the case where a line width of one coil
conductor pattern 1s increased without providing the parallel
conductor portion, the regularity of the flow of the resin at
the time of hot pressing 1s further maintained. Therefore, the
positional deviation of the coil conductor patterns at the time
ol hot pressing 1s further reduced or prevented.

In the present preferred embodiment, the parallel conduc-
tor portion PC1 1s provided over the entire or substantially
the entire outermost peripheral portion of the coil conductor
pattern 31. The outermost peripheral portion of the coil
conductor pattern has a relatively larger conductor length
than other portions (for example, the mner peripheral por-
tion of the coil conductor pattern). Therefore, by providing,
the parallel conductor portion PC1 over the entire or sub-
stantially the entire outermost peripheral portion of the coil
conductor pattern 31, the conductor loss of the coil 3 can be
significantly reduced.

In the present preferred embodiment, the coil conductor
pattern 31 including the parallel conductor portion PC1 1s
arranged closest to the surface layer in the Z-axis direction
among the plurality of coil conductor patterns 31, 32, 33,
and 34. When a stacked body 1s formed by subjecting the
plurality of stacked resin layers 11,12, 13, 14, and 15 to hot
pressing, the portion near the surface layer of the stacked
body 10 1s particularly susceptible to heat of a pressing
machine at the time of hot pressing, and the coil conductor
pattern arranged near the surface layer of the stacked body
10 1s likely to be positionally deviated. Theretfore, by arrang-
ing the coil conductor pattern 31 having the parallel con-
ductor portion PC1 closest to the surface layer, the positional
deviation of the coil conductor patterns at the time of hot
pressing can be eflectively reduced or prevented.

In the actuator 201 according to the present preferred
embodiment, the coil conductor pattern 31 provided with the
parallel conductor portion PC1 1s closest to the first main
surface VS1 among the plurality of coil conductor patterns
31, 32, 33, and 34, and the magnet 1 1s arranged closer to the
second main surface VS2 than to the first main surface VSI1.
The number of turns per unit area of the coil conductor
pattern including the parallel conductor portion i1s smaller
than that of other coil conductor patterns. Generally, when
the number of turns of the coil conductor pattern is large, the
magnetic flux density generated around the coil conductor
pattern 1s higher. Therefore, by arranging the coil conductor
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pattern including the parallel conductor portion at a position
farther from the magnet than the other coil conductor
patterns, 1t 1s possible to reduce or prevent the conductor loss
of the coi1l while reducing or preventing the reduction of the
clectromagnetic force due to the interaction between the
magnet 1 and the coil 3.

Second Preterred Embodiment

A second preferred embodiment of the present mnvention
shows an example 1 which a plurality of coil conductor
patterns including a parallel conductor portion are provided.

FIG. 5A 1s a plan view of the resin multilayer substrate
102 according to the second preferred embodiment, and
FIG. 5B 1s a sectional view taken along line B-B in FIG. 5A.
FIG. 6 1s an exploded plan view of a stacked body 10A
included 1n the resin multilayer substrate 102. In FIG. 5A
and FIG. 6, coil conductor patterns 31a, 32a, 334, and 34a
are shown by dot patterns 1n order to make the structure easy
to understand. Further, 1n FIG. 6, linear conductor patterns
LP11, LP12, LP21, and LP22 are shown by hatching.

The resin multilayer substrate 102 1s different from the
resin multilayer substrate 101 according to the first preferred
embodiment in that the resin multilayer substrate 102
includes the stacked body 10A and a coil 3A. Other elements
and configurations of the resin multilayer substrate 102 are
the same or substantially the same as those of the resin
multilayer substrate 101.

Hereinatter, portions different from the resin multilayer
substrate 101 according to the first preferred embodiment
will be described.

The stacked body 10A includes a plurality of resin layers
11a, 124, 134, and 14a made of, for example, a thermoplas-
tic resin, and stacked in this order. The plurality of resin
layers 11a, 12a, 13a, and 14a are the same or substantially
the same as the resin layers 11, 12, 13, and 14 described in
the first preferred embodiment.

The coil conductor pattern 31a 1s provided on the back
surface of the resin layer 11a. The shape of the coil con-
ductor pattern 31a i1s the same or substantially the same as
that of the coil conductor pattern 31 described 1n the first
preferred embodiment. The coil conductor pattern 31a 1s
provided with a parallel conductor portion PC1 of about 1
turn over the entire or substantially the entire outermost
peripheral portion. In addition, interlayer connection con-
ductors V4 and V5 are provided on the resin layer 11a.

The coil conductor pattern 32aq and a conductor 41 are
provided on the front surface of the resin layer 12a. The coil
conductor pattern 32a 1s a spiral conductor pattern arranged
near the center of the resin layer 12a. The coil conductor
pattern 32a 1s provided with a parallel conductor portion
PC2 of, for example, about 1 turn over the enftire or
substantially the entire outermost peripheral portion. The
parallel conductor portion PC2 1s a portion where the
plurality of linear conductor patterns LP21 and LP22 con-
nected 1n parallel are parallel or substantially parallel to each
other. The plurality of linear conductor patterns L. P21 and
[LP22 are connected to each other 1n parallel by connecting
portions C21, C22, C23, and C24. The shape of the con-
ductor 41 1s the same or substantially the same as the
conductor 41 described in the first preferred embodiment. In
addition, interlayer connection conductors V3 and Vé are
provided on the resin layer 12a.

The coil conductor pattern 33aq and a conductor 42 are
provided on the front surface of the resin layer 13a. The coil
conductor pattern 33a and the conductor 42 are the same or
substantially the same as the coil conductor pattern 33 and
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the conductor 42 according to the first preferred embodi-
ment, respectively. In addition, iterlayer connection con-

ductors V2 and V7 are provided on the resin layer 13a.

The coil conductor pattern 34a and input/output elec-
trodes P1 and P2 are provided on the front surface of the
resin layer 14a. The coil conductor pattern 34a 1s a spiral
conductor pattern arranged near the center of the resin layer
14a. The nput/output electrode P1 1s a rectangular or
substantially rectangular conductor pattern arranged near a
first corner of the resin layer 14a (upper leit corner of the
resin layer 14a i FIG. 6). The mput/output electrode P2 1s
a rectangular or substantially rectangular conductor pattern
arranged near a second comer of the resin layer 14a (lower
left comer of the resin layer 14a in FIG. 6). In addition,
interlayer connection conductors V1 and V8 are provided on
the resin layer 14a.

The mput/output electrode P1 1s connected to a first end
of the coil conductor pattern 31a via the conductors 41 and
42 and the interlayer connection conductors V1, V2, V3, and
V4. A second end of the coil conductor pattern 31a 1s
connected to a first end of the coil conductor pattern 32a via
the interlayer connection conductors V5 and V6. A second
end of the coil conductor pattern 32a 1s connected to a first
end of the coil conductor pattern 33a via the interlayer
connection conductor V7. A second end of the coil conduc-
tor pattern 33a 1s connected to a first end of the coil
conductor pattern 34a via the mterlayer connection conduc-
tor V8. A second end of the coil conductor pattern 34a 1s
connected to the mput/output electrode P2.

In thus way, the coill 3A includes the coil conductor
patterns 31a, 324, 33a, and 34a provided on the two or more
resin layers 11a, 12a, 13a, and 14a, and the interlayer
connection conductors V5, V6, V7, and V8.

The resin multilayer substrate 102 according to the pres-
ent preferred embodiment has the following advantageous
cllects 1n addition to the advantageous eflects described 1n
the first preferred embodiment.

In present preferred embodiment, since a plurality of coil
conductor patterns including a parallel conductor portion are
provided, the conductor loss of the coil 3A 1s further
reduced, and the eflect of reducing or preventing the posi-
tional deviation of the coil conductor patterns 1s further
improved.

Third Preterred Embodiment

A third preferred embodiment of the present invention
shows an example 1n which a plurality of coil conductor
patterns including a parallel conductor portion are arranged
closest to the surface layers 1n the stacking direction of a
plurality of resin layers.

FIG. 7A 1s a plan view of a resin multilayer substrate 103
according to the third preferred embodiment, and FIG. 7B 1s
a sectional view taken along line C-C 1n FIG. 7A. FIG. 8 1s
an exploded plan view of a stacked body 10B included 1n the
resin multilayer substrate 103. In FIG. 7A and FIG. 8, coil
conductor patterns 315, 325, 335, and 345H are shown by dot
patterns 1n order to make the structure easy to understand.
Further, in FIG. 7A and FIG. 8, linear conductor patterns
LP11, LP12, LP41, and L.P42 are shown by hatching.

The resin multilayer substrate 103 1s different from the
resin multilayer substrate 102 according to the second
preferred embodiment 1n that the resin multilayer substrate
103 includes the stacked body 10B and a coil 3B. Other
clements and configurations of the resin multilayer substrate
103 are the same or substantially the same as those of the
resin multilayer substrate 102.
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Hereinatter, portions different from the resin multilayer
substrate 102 according to the second preferred embodiment

will be described.

The stacked body 10B includes a plurality of resin layers
116,125, 135, and 145 made of a thermoplastic resin that are
stacked 1n this order. The plurality of resin layers 115, 125,
135, and 14H are the same or substantially the same as the
resin layers 11a, 12a, 13a, and 14a of the second preferred
embodiment.

The coil conductor pattern 315 1s provided on the back
surface of the resin layer 115. The coil conductor pattern 315
1s the same or substantially the same as the coil conductor
pattern 31a described 1n the second preferred embodiment.
The coil conductor pattern 315 1s provided with a parallel
conductor portion PC1 of, for example, about 1 turn over the
entire or substantially the entire outermost peripheral por-
tion. Further, interlayer connection conductors V4 and V3
are provided on the resin layer 115.

The coil conductor pattern 325 and a conductor 41 are
provided on the front surface of the resin layer 1256. The coil
conductor pattern 325 1s a spiral conductor pattern arranged
near the center of the resin layer 125. The conductor 41 1s the
same or substantially the same as the conductor 41 described
in the second preferred embodiment. Further, interlayer
connection conductors V3 and V6 are provided on the resin
layer 12b.

The coil conductor pattern 335 and a conductor 42 are
provided on the front surface of the resin layer 135. The coil
conductor pattern 335 and the conductor 42 are the same or
substantially the same as the coil conductor pattern 33a and
the conductor 42 described 1n the second preferred embodi-
ment, respectively. Further, mterlayer connection conduc-
tors V2 and V7 are provided on the resin layer 13b.

The coil conductor pattern 346 and input/output elec-
trodes P1 and P2 are provided on the front surface of the
resin layer 14b6. The coil conductor pattern 345 1s a spiral
conductor pattern arranged near the center of the resin layer
145. The coil conductor pattern 345 1s provided with a
parallel conductor portion PC4 of, for example, about 1 turn
over the entire or substantially the entire outermost periph-
eral portion. The parallel conductor portion PC4 1s a portion
where the plurality of linear conductor patterns LP41 and
[LP42 connected in parallel are parallel or substantially
parallel to each other. The plurality of linear conductor
patterns LP41 and LP42 are connected to each other in
parallel by connecting portions C41, C42, C43, and C44.
The input/output electrode P1 1s a rectangular or substan-
tially rectangular conductor pattern arranged near a first
corner of the resin layer 145 (upper left corner of the resin
layer 1456 1in FIG. 8). The input/output electrode P2 i1s a
rectangular or substantially rectangular conductor pattern
arranged near a second corner of the resin layer 145 (lower
left comer of the resin layer 145 in FIG. 8). Further,
interlayer connection conductors V1 and V8 are provided on
the resin layer 145.

The mput/output electrode P1 1s connected to a first end
of the coil conductor pattern 315 via the conductors 41 and
42 and the interlayer connection conductors V1, V2, V3, and
V4. A second end of the coil conductor pattern 315 1s
connected to a first end of the coil conductor pattern 325 via
the 1nterlayer connection conductors V3 and V6. A second
end of the coil conductor pattern 3256 1s connected to a first
end of the coil conductor pattern 336 via the interlayer
connection conductor V7. A second end of the coil conduc-
tor pattern 335 1s connected to a first end of the coil
conductor pattern 345 via the interlayer connection conduc-
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tor V8. A second end of the coil conductor pattern 345 1s
connected to the mput/output electrode P2.

Thus, the coil 3B includes the coil conductor patterns 315,
32b, 33b, and 34b provided on the two or more resin layers
116, 126, 135, and 14bH, and the nterlayer connection
conductors V5, V6, V7, and V8.

In the present preferred embodiment, as shown 1n FIG.
7B, the coil conductor pattern 315 including the parallel
conductor portion 1s arranged at a position closest to the first
main surface VS1 among the plurality of coil conductor
patterns 315, 3256, 33b, and 34b. Further, in the present
preferred embodiment, the coil conductor pattern 345
including the parallel conductor portion 1s arranged at the
position closest to the second main surface VS2 among the
plurality of coil conductor patterns 315, 325, 335, and 345.
Specifically, the coil conductor pattern 315 1s provided on
the first main surface VS1 of the stacked body 10B, and the

coil conductor pattern 345 1s provided on the second main
surface VS2 of the stacked body 10B.

It should be noted that the coil conductor pattern 1nclud-
ing the parallel conductor portion 1s “arranged at the position
closest to the first main surface” means that the coil con-
ductor pattern including the parallel conductor portion 1is
arranged closer to the first main surface VS1 than to the
second main surface VS2, and 1s arranged closest to the first
main surface VS1 among the plurality of coil conductor
patterns. Further, 1t should be noted that the coil conductor
pattern including the parallel conductor portion 1s “arranged
at the position closest to the second main surface” means
that the coil conductor pattern including the parallel con-
ductor portion 1s arranged closer to the second main surface
VS2 than to the first main surface VS1, and 1s arranged
closest to the second main surface VS2 among the plurality
of coil conductor patterns.

The resin multilayer substrate 103 according to the pres-
ent preferred embodiment has the following advantageous
cllects 1n addition to the advantageous eflects described 1n
the second preferred embodiment.

In the present preferred embodiment, the plurality of coil
conductor patterns 315 and 345 including the parallel con-
ductor portion are arranged at the position closest to the first
main surface VS1 and the position closest to the second
main surface VS2, respectively, among the plurality of coil
conductor patterns 315, 325, 335, and 34b. According to this
configuration, 1t 1s possible to effectively reduce or prevent
positional deviation (or deformation) of the two coil con-
ductor patterns arranged at the positions closer to both the
main surfaces (first main surface VS1 and second main
surface VS2) of the stacked body that are susceptible to heat
of the pressing machine at the time of hot pressing.

Fourth Preferred Embodiment

A fourth preferred embodiment of the present invention
shows an example in which a configuration of a coil con-
ductor pattern including a parallel conductor portion 1is
different from that of each of the above-described preferred
embodiments.

FIG. 9A 1s a plan view of a resin multilayer substrate 104
according to the fourth preferred embodiment, and FIG. 9B
1s a sectional view taken along line D-D 1n FI1G. 9A. FIG. 10
1s an exploded plan view of a stacked body 10C included 1n
the resin multilayer substrate 104. FIG. 11 1s an enlarged
plan view of a resin layer 11¢ forming a portion of the
stacked body 10C. In FIG. 9A, FIG. 10, and FIG. 11, coil
conductor patterns 31c¢, 32¢, 33¢, and 34¢ are shown by dot
patterns in order to make the structure easy to understand.
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Further, in FIG. 9A, FIG. 10, and FIG. 11, linear conductor
patterns LP11 and LLP12 are shown by hatching.

The resin multilayer substrate 104 1s different from the
resin multilayer substrate 102 according to the second
preferred embodiment 1n that the resin multilayer substrate
104 includes the stacked body 10C and a coil 3C. Other
clements and configurations of the resin multilayer substrate
104 are the same or substantially the same as those of the
resin multilayer substrate 102.

Heremaftter, portions different from the resin multilayer
substrate 102 according to the second preferred embodiment
will be described.

The stacked body 10C includes a plurality of resin layers
11c, 12¢, 13¢, and 14¢ made of, for example, a thermoplastic
resin, and stacked in this order. The plurality of resin layers
11c, 12¢, 13¢, and 14c¢ are the same or substantially the same
as the resin layers 11a, 12a, 13a, and 14a according to the
second preferred embodiment.

The coil conductor pattern 31c¢ 1s provided on the back
surface of the resin layer 11¢. The coil conductor pattern 31c¢
1s a spiral conductor pattern arranged near the center of the
resin layer 11c. The coil conductor pattern 31c¢ 1s provided
with a parallel conductor portion PClc of, for example,
about 1.5 turns from the outermost peripheral portion to the
inner peripheral portion. The parallel conductor portion
PClc 1s a portion where the plurality of linear conductor
patterns LP11 and LLP12 connected 1n parallel are parallel or
substantially parallel to each other. As shown 1n FIG. 11, the

parallel conductor portion PClc includes straight portions
S11, S12, S13, S14, S15, and S16 and connecting portions

C11, C12, C13, C14, C15, C16, and C17. The straight
portions S11 to S16 are portions where a plurality of linear
conductor patterns LP11 and LP12 are linearly parallel or
substantially parallel to each other. The plurality of linear
conductor patterns LP11 and LP12 are connected to each
other 1n parallel by the connecting portions C11 to C17. The
connecting portions C11 to C16 are portions that connect the
plurality of linear conductor patterns LP11 and LP12 to each
other near the centers of the straight portions S11 to 516.

It should be noted that “near the centers of the straight
portions” does not mean only the vicinities of the centers of
the straight portions S11 to S16. “Near the centers of the
straight portions” means, for example, ranges of lengths
from the centers of the straight portions S11 to S16 to about
/4 of the total lengths of the straight portions S11 to S16
toward the extending direction of the linear conductor
patterns.

Further, mterlayer connection conductors V4 and V5 are
provided on the resin layer 1lc.

The coil conductor pattern 32¢ and a conductor 41 are
provided on the front surface of the resin layer 12¢. The coil
conductor pattern 32c¢ 1s a spiral conductor pattern arranged
near the center of the resin layer 12¢, and the conductor 41
1s a rectangular or substantially rectangular conductor pat-
tern arranged near a first corner of the resin layver 12¢ (upper
left comer of the resin layer 12¢ 1n FIG. 2).

The coil conductor pattern 33¢ and a conductor 42 are
provided on the front surface of the resin layer 13¢. The coil
conductor pattern 33¢ and the conductor 42 are the same or
substantially the same as the coil conductor pattern 33a and
the conductor 42 described 1n the second preferred embodi-
ment, respectively. Further, mterlayer connection conduc-
tors V2 and V7 are provided on the resin layer 13c.

The coil conductor pattern 34¢ and mnput/output elec-
trodes P1 and P2 are provided on the front surface of the
resin layer 14¢. The coil conductor pattern 34¢ and the
input/output electrodes P1 and P2 are the same or substan-
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tially the same as the coil conductor pattern 34a and the
input/output electrodes P1 and P2 described 1n the second
preferred embodiment. Further, interlayer connection con-
ductors V1 and V8 are provided on the resin layer 14c.

The mput/output electrode P1 1s connected to a first end
of the coil conductor pattern 31¢ via the conductors 41 and
42 and the interlayer connection conductors V1, V2, V3, and
V4. A second end of the coil conductor pattern 31c 1s
connected to a first end of the coil conductor pattern 32¢ via
the 1nterlayer connection conductors V3 and V6. A second
end of the coil conductor pattern 32¢ 1s connected to a first
end of the coil conductor pattern 33¢ via the interlayer
connection conductor V7. A second end of the coi1l conduc-
tor pattern 33c¢ i1s connected to a first end of the coil
conductor pattern 34¢ via the interlayer connection conduc-
tor V8. A second end of the coil conductor pattern 34c¢ 1s
connected to the mput/output electrode P2.

Thus, the coil 3C includes the coil conductor patterns 31c,
32¢, 33¢, and 34c¢ provided on the two or more resin layers
11c, 12¢, 13c¢, and 14¢, and the interlayer connection con-
ductors V5, V6, V7, and V8.

As described 1n present preferred embodiment, the par-
allel conductor portions may have one or more turns. The
conductor loss of the coil can be fturther reduced by making
the parallel conductor portions one turn or more. Moreover,
the parallel conductor portion may be provided in a portion
other than the outermost peripheral portion of the coil
conductor pattern.

Next, the advantages of connecting a plurality of linear
conductor patterns to each other near centers of straight
portions will be described with reference to the drawings.
FIG. 12 1s a plan view of a resin layer 11x defining a portion

ol a stacked body.

An annular conductor pattern 30 having a rectangular or
substantially rectangular outer shape 1s provided on the front
surface of the resin layer 11x. As shown i FIG. 12, the
conductor pattern 30 includes four linear pattern portions
SP1, SP2, SP3, and SP4 that linearly extend. A plurality of
resin layers including the resin layer 11x are stacked, and the
plurality of stacked resin layers are subjected to hot pressing,
to form the stacked body.

When the plurality of resin layers are subjected to hot
pressing to form the stacked body, the annular conductor
pattern 30 having a rectangular outer shape 1s deformed 1nto
a shape shown by the broken line 1n FIG. 12, for example.
Long straight line pattern portions (or narrow straight line

pattern portions) are likely to be deformed (or positionally
deviated) due to the flow of the resin at the time of hot
pressing. In particular, the portions near the centers of the
straight pattern portions SP1, SP2, SP3, and SP4 of the
conductor pattern 30 are more likely to be deformed than the
corner portions of the conductor pattern 30.

That 1s, the long straight portions in which the plurality of
linear conductor patterns are linearly parallel or substantially
parallel to each other are likely to be deformed (or position-
ally deviated) due to the flow of resin at the time of hot
pressing. Therefore, when the straight portions are provided
in the coil conductor pattern, problems such as a character-
1stics change of the coil or a short circuit are likely to occur
alter the stacked body 1s formed (after hot pressing). On the
other hand, in the present preferred embodiment, by con-
necting the portions near the centers of the straight portions
to each other, it 1s possible to eflectively reduce or prevent
the deformation of the straight portions due to the flow of the
resin at the time of hot pressing. Therefore, it 1s possible to
ellectively reduce or prevent the occurrence of a character-
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1stic change of the coil or a short circuit due to the defor-
mation of the straight portions.

Each of the preferred embodiments described above
shows an example 1n which the stacked body 1s a rectangular
or substantially rectangular parallelepiped, but the present
invention 1s not limited to this configuration. The shape of
the stacked body can be appropriately changed within the
range where the action and advantageous eflects of the
present mvention are obtained, and may be, for example, a
cube, a polygonal column, a cylinder, an elliptic column, or
the like, and the plane shape of the stacked body may be an
L-shape, a crank shape, a T-shape, or a Y-shape, for example.

Further, each of the preferred embodiments described
above shows an example of the resin multilayer substrate
including the stacked body including four or five resin layers
that are stacked, but the resin multilayer substrate of the
present invention 1s not limited to this. The number of resin
layers 1n the stacked body can be appropnately changed
within the range where the action and advantageous eflects
of the present invention are obtained. Further, a protective
layer, such as, for example, a coverlay film or a solder resist
film may be provided on the first main surface VS1 or the
second main surface VS2 of the stacked body.

Each of the preferred embodiments described above
shows an example 1 which the stacked body includes a
plurality of resin layers made of a thermoplastic resin that
are stacked, but the present invention 1s not limited to this
configuration. The stacked body may have a configuration 1n
which a plurality of resin layers made of, for example, a
thermosetting resin are stacked.

The shape and the number of turns of the coil of the
present invention are not limited to the configurations of the
preferred embodiments described above, and can be
changed as appropriate within the range where the action
and advantageous eflects of the present invention are
obtained.

The preferred embodiments show examples of the coil
having the winding axis AX 1n the stacking direction of the
plurality of resin layers (Z-axis direction), but the present
invention 1s not limited to the case where the stacking
direction (Z-axis direction) and the winding axis of the coil
exactly coincide with each other. In the present invention,
“having the winding axis in the stacking direction of the
plurality of resin layers™ includes, for example, a case where
the winding axis of the coil is 1n the range of about —45° to
about +45° with respect to the stacking direction (Z-axis
direction).

Each of the preferred embodiments described above
shows an example in which the parallel conductor portion 1s
a portion where two linear conductor patterns connected 1n
parallel are parallel or substantially parallel, but the parallel
conductor portion in the present invention 1s not limited to
this configuration. The parallel conductor portion may be,
for example, a portion where three or more linear conductor
patterns connected 1n parallel are parallel or substantially
parallel to each other.

Furthermore, each of the preferred embodiments
described above shows an example 1n which one parallel
conductor portion 1s provided in one coil conductor pattern,
and the present imnvention 1s not limited to this configuration.
A plurality of parallel conductor portions may be provided
in one coil conductor pattern.

Each of the preferred embodiments described above
shows an example 1n which the rectangular or substantially
rectangular input/output electrodes P1 and P2 are provided
on the second main surface VS2 of the stacked body, but the
present mvention 1s not limited to this configuration. The
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shape, the number, and the position of the input/output
clectrodes can be changed as appropriate within the range
where the action and advantageous eflects of the present
invention are obtained. The number of input/output elec-
trodes can be appropriately changed depending on the circuit
configuration of the resin multilayer substrate.

While preferred embodiments of the present imvention
have been described above, 1t 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. A resin multilayer substrate comprising:

a stacked body including a plurality of resin layers that are

stacked; and

a coil including a plurality of coil conductor patterns

provided on two or more resin layers of the plurality of
resin layers; wherein

the plurality of coil conductor patterns include a coil

conductor pattern including a parallel conductor por-
tion 1n which a plurality of linear conductor patterns
connected in parallel are parallel or substantially par-
allel to each other 1n at least a portion of an outermost
peripheral portion; and

a total line width of the plurality of linear conductor

patterns defining the parallel conductor portion 1s larger
than a line width of other portions of the coil conductor
pattern.

2. The resin multilayer substrate according to claim 1,
wherein the parallel conductor portion 1s provided on an
entirety or substantially an entirety of the outermost periph-
eral portion of the coil conductor pattern.

3. The resin multilayer substrate according to claim 1,
wherein the parallel conductor portion includes a straight
portion in which the plurality of linear conductor patterns
are linearly parallel or substantially parallel to each other,
and a connecting portion that connects the linear conductor
patterns to each other near a center of the straight portion.

4. The resin multilayer substrate according to claim 1,
wherein the coil conductor pattern including the parallel
conductor portion 1s closest to a surface layer 1n a stacking
direction of the plurality of resin layers among the plurality
ol coil conductor patterns.

5. The resin multilayer substrate according to claim 1,
wherein

the stacked body includes a first main surface and a

second main surface that oppose each other in a stack-
ing direction of the plurality of resin layers; and

the coil conductor pattern including the parallel conductor

portion 1s closest to the first main surface among the
plurality of coil conductor patterns.

6. The resin multilayer substrate according to claim 1,
wherein a plurality of the coil conductor patterns including,
the parallel conductor portion are provided.

7. The resin multilayer substrate according to claim 6,
wherein

the stacked body includes a first main surface and a

second main surface that oppose each other in a stack-
ing direction of the plurality of resin layers; and

the plurality of the coil conductor patterns including the

parallel conductor portion are at a position closest to
the first main surface and a position closest to the
second main surface, respectively, among the plurality
of coil conductor patterns.

8. An actuator comprising:

the resin multilayer substrate according to claim 5; and
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a magnet; wherein

the coil has a winding axis in the stacking direction; and

the magnet overlaps a formation region of the coil when

viewed 1 a winding axis direction of the coil, and 1s
closer to the second main surface than to the first main
surtace.

9. The actuator according to claim 8, wherein the parallel
conductor portion 1s provided on an entirety or substantially
an entirety of the outermost peripheral portion of the coil
conductor pattern.

10. The actuator according to claim 8, wherein the parallel
conductor portion includes a straight portion 1n which the
plurality of linear conductor patterns are linearly parallel or
substantially parallel to each other, and a connecting portion
that connects the linear conductor patterns to each other near
a center of the straight portion.

11. An actuator comprising:

the resin multilayer substrate according to claim 7; and

a magnet; wherein

the coil has a winding axis in the stacking direction; and

the magnet overlaps a formation region of the coil when

viewed 1n a winding axis direction of the coil, and 1s
closer to the second main surface than to the first main
surface.

12. The actuator according to claim 11, wherein the
parallel conductor portion 1s provided on an entirety or
substantially an entirety of the outermost peripheral portion
of the coil conductor pattern.

13. The actuator according to claim 11, wherein the
parallel conductor portion includes a straight portion in
which the plurality of linear conductor patterns are linearly
parallel or substantially parallel to each other, and a con-
necting portion that connects the linear conductor patterns to
cach other near a center of the straight portion.

14. A method of manufacturing a resin multilayer sub-
strate comprising:

a coil conductor forming step of forming a plurality of coil

conductor patterns on two or more resin layers; and

a stacked body forming step of stacking, after the coil

conductor forming step, a plurality of the resin layers
including the two or more resin layers on which the
plurality of coil conductor patterns are formed, and
subjecting the plurality of stacked resin layers to hot
pressing to form a stacked body; wherein

the coil conductor forming step includes a step of forming

a coil conductor pattern including a parallel conductor
portion in which a plurality of linear conductor patterns
connected 1n parallel to each other are 1n parallel or
substantially in parallel 1n at least a portion of an
outermost peripheral portion, and a total line width of
the plurality of linear conductor patterns 1s larger than
a line width of other portions of the coil conductor
pattern.

15. The method of manufacturing a resin multilayer
substrate according to claim 14, wherein the parallel con-
ductor portion 1s formed on an entirety or substantially an
entirety ol the outermost peripheral portion of the coil
conductor pattern.

16. The method of manufacturing a resin multilayer
substrate according to claim 14, wherein the parallel con-
ductor portion includes a straight portion in which the
plurality of linear conductor patterns are linearly parallel or
substantially parallel to each other, and a connecting portion
that connects the linear conductor patterns to each other near
a center of the straight portion.

17. The method of manufacturing a resin multilayer
substrate according to claim 14, wherein the coil conductor
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pattern including the parallel conductor portion 1s formed
closest to a surface layer in a stacking direction of the
plurality of resin layers among the plurality of coil conduc-
tor patterns.

18. The method of manufacturing a resin multilayer
substrate according to claim 14, wherein

the stacked body includes a first main surface and a

second main surface that oppose each other in a stack-
ing direction of the plurality of resin layers; and

the coil conductor pattern including the parallel conductor

portion 1s formed closest to the first main surface
among the plurality of coil conductor patterns.

19. The method of manufacturing a resin multilayer
substrate according to claim 14, wherein a plurality of the
coll conductor patterns including the parallel conductor
portion are formed.

20. The method of manufacturing a resin multilayer
substrate according to claim 19, wherein

the stacked body includes a first main surface and a

second main surface that oppose each other in a stack-
ing direction of the plurality of resin layers; and

the plurality of the coil conductor patterns including the

parallel conductor portion are formed at a position
closest to the first main surface and a position closest to
the second main surface, respectively, among the plu-
rality of coil conductor patterns.
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